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VIRTUAL TRIAL REDUCTION SYSTEM FOR HIP ARTHROPLASTY AND 
COORDINATE SYSTEMS THEREFOR 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to apparatus and methods for facilitating total hip arthro- 
plasty. 

Background Information 

Hip arthritis due to malfunctions, fractures and diseases constitute a major source ; 
of disability. Reconstruction of the hip, whether involving first time hip replacement or 
replacement of failed components, is complicated by the great mobility of the hip joint 
and the uncertainty in the exact position of pelvis and femur during surgery. When a hip 
joint is replaced, as in total hip arthroplasty, critical factors to assess include changes in 
leg length, tension of the tissues around the joint, and stability of the replaced hip or its 
resistance to disassembly, referred to as hip dislocation. These critical factors are gener- 
ally checked by means of a "trial reduction" (i.e., an insertion of the prosthetic femoral 
head into the prosthetic acetabulum ). It is during this trial reduction that these critical 
parameters can be assessed to determine if the goals of the reconstruction are being 
achieved. 

This assessment includes moving the femur with respect to the pelvis over ranges 
of motions, including flexion/extension, adduction/abduction and internal/external rota- 
tion. The trial reduction can be used to generally assess leg length, tissue tension, and 
limits of motion. For example, motion may be limited by tethering of tissues coming 

1 
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under tension, impingement of the prostheses against each other (prosthetic impinge- 
ment), impingement of the tissues themselves (nonprosthetic impingement), or disloca- 
tion of the prosthetic femoral head out of the prosthetic acetabular socket in the absence 
of, or in advance of, prosthetic impingement 

On detection of unacceptable changes in length, or of an unsafe or restricted range 
of molion, corrections must be made and the process repeated. This prolongs the opera- 
tion,. Further, failure to optimally place the implants within the body can result in insta- 
bility of the prosthetic joint or in inappropriate leg length, both of which may require re- 
operation. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, I provide an apparatus and method for 
accurately and efficiently identifying the positions of the pelvis and the femur during sur- 
gery; accurately and efficiently placing a trial or real acetabular prosthesis into the pelvis,- 
as well as a trial or real femoral prosthesis into the femur; and then performing a virtual 
trial reduction of the hip such as in total hip arthroplasty. 

The invention makes use of surgical navigation elements that have come into re- 
cent use in surgical procedures. Surgical navigation systems use light, sound (specifi- 
cally, ultrasound) or electromagnetic signals to determine the position of reference ele- 
ments in an operating room. For example, a reference element placed on a digitizing 
probe can be tracked by a sensing system in the operating room so as to determine its po- 
sition very accurately. Knowing the location in three-dimensional space (i.e., the oper- 
ating room) of the reference elements, and knowing the location of this element with re- 
spect to the tip of the probe on which it is mounted, the location of the tip of the probe 
(and thus anything with which it is in contact) can accurately be determined. Similarly, a 
reference element may be placed on a body segment such as the pelvis or femur. Critical 
points on the body segment can then be determined simply by tracking the relative posi- 
tion of the digitizing probe and the body segment. Additionally, line segments can easily 
be determined by digitizing pairs of points. 
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The present invention extends prior surgical navigation systems to enable the per- 
formance of a "virtual", as opposed to a physical, trial reduction of the hip prior to its 
actual reduction on completion of the surgical procedure. In particular, in accordance 
with the present invention, initial measurements of significant parameters of the patient 
are made and stored. These measurements may include not only the distance between 
selected landmarks on the patient's pelvis and femur, which enables the surgeon to ensure 
that desired leg length is maintained or achieved by the operation, but also may include 
measurements of offset and of the free range of motion, among others, so that these pa- 
rameters may also be verified after the operation, and the changes resulting from the sur- 
gery can be quantified. 

In order to make the requisite measurements, suitable coordinate systems must be 
established for the pelvis and for the femur. Common landmarks for a pelvic coordinate 
system are the two anterior superior iliac spines and the pubic symphysis. A variety of 
techniques are currently used to determine (i.e., measure) these landmarks, including di- . . 
rect digitization with a navigated probe (i.e., a probe having reference elements associ - 
ated with it whose position in three-dimensional space can accurately be determined); by 
using preoperative three-dimensional CT or MR scan images of the landmarks and there- 
after registering the images with the actual landmarks during the operation; or by making 
multiple fluoroscopic images of the pelvis intraoperatively, digitizing the selected land- 
marks on the images, and backprojecting them to determine their actual location. All of 
these methods are inefficient. 

Directly digitizing certain landmarks such as the superior spines or the pubic 
symphysis by touching the skin or probing through the skin requires that these landmarks 
be accessible during the surgery. Further, the anterior superior iliac spines are ill-defmed, 
rounded landmarks that are difficult to determine accurately by direct digitization. Simi- 
larly, developing a pelvic coordinate system by preoperative three-dimensional imaging 
has a number of shortcomings. To begin with, the patient must undergo a test preopera- 
tively that might otherwise be unnecessary. Further, during surgery, the three- 
dimensional dataset of the pelvis must be "registered" to the actual pelvis, a procedure 
which itself can be time consuming. Likewise, developing a pelvic coordinate system by 
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obtaining multiple fluoroscopic images and backprojecting is both time consuming and 
difficult. Frequently the quality of the images is poor, since they must often be taken at 
angles that require penetration not only of the patient's body but also of the apparatus that 
stabilizes the patient and of the operating table as well. Finally, attempting to combine 
5 directly digitized information with fluoroscopic images is subject to the drawbacks of 
both methods. 

In order to address these and other problems, in accordance with the present in- 
vention, a pelvic coordinate system is created based on a single approximately AP (ante- 
rior-posterior) fluoroscopic image of the pelvis taken intra-operatively. The image is 
10 preferably formed in a single exposure, but may be formed as a composite of two or more 
exposures of adjacent or overlapping regions but all from the same orientation, i.e., ap- 
proximately AP. Hereinafter, this image, whether formed from a single exposure or from 
a composite of such multiple exposures, will be referred to as a "single" image or, more 
often, simply as "the" image. 

i5 From this image, important landmarks on the pelvis are deiermined. On the ante- 

rior portion of the pelvis, a preferable landmark is the pubic symphysis; the image point 
on the AP image corresponding to this landmark is referred to herein as "PS". On the 
posterior portion of the pelvis, preferable landmarks are the inferior portions of the left 
and right sacroiliac joints; the image points corresponding to these landmarks are re- 

20 ferred to herein as "LSU" and "RSD", respectively. Further useful landmarks are the left 
and right teardrops ("LTD", "RTD"); as described herein, the teardrops advantageously 
may be used to provide a first reference axis for a pelvic coordinate system, as well as to 
provide a reference length for calibrating angular orientation of the pelvis. 

Although the size of the pelvis, and thus the distance between designated land- 
25 marks on a pelvis, varies from patient to patient, there is considerable consistency of ra- 
tios among various landmarks from patient to patient. For example, the ratio of the width 
of the pelvis (as measured by the interteardrop distance) to the depth of the pelvis is rela- 
tively consistent over large groups of patients of the same sex. The same is true of other 
landmark distances, such as that between the pubic symphysis and posterior landmarks 
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such as the LSIJ and the RSIJ. This consistency is applied to advantage in forming a 
pelvic coordinate system from the near AP fluoroscopic image. 

In particular, on the image, a line extending between the LTD and RTD image 
points establishes a first reference axis; the distance between these points (the "inter- 

5 teardrop" or "ITD" distance) provides a normalization factor for other measurements. A 
perpendicular from this axis to the midpoint (MPSIJ) between the LSIJ and RSU image 
points provides a second reference axis; for ease of reference, the perpendicular will be 
referred to as the "MPSIJ-TD" (i.e., "Mid Point of Sacroiliac Joints-to-Tear Drop") axis. 
In a perfectly-positioned, true AP view of the pelvis, the MPSD-TD line would perfectly 

10 intersect the pubic symphysis. This would demonstrate that the middle of the anterior 
portion of the pelvis is directly in front of the middle of the posterior portion of the pel- 
vis, thus confirming that there is no rotation of the pelvis about the longitudinal (or "ax- 
ial") axis of the body. Conversely^ any transverse (transaxial) separation in the near AP 
image between the image of the midpoint of the pubic symphysis ("MPPS") and the 

15 MPSIJ-TD axis indicates axial rotation of the pelvis in relation to the plane of the image. : \ : \ 
The ratio of this distance to the ITD distance provides a direct indication of the amount of 
angular rotation. 

Transaxial rotation, which is a measure of pelvic flexion/extension, is likewise 
determined from the near AP fluoroscopic image. Transaxial rotation is determined by 

20 measuring the vertical (axial) distance on the image between the sacroiliac midpoint im- 
age point (MPSIJ) and the pubic symphysis image point (PS), normalized by dividing by 
the inter-teardrop (ITD) distance to thereby obtain a numeric index, k = (MPSLI- 
PS)/ITD. If the pelvis is generally parallel to the fluoroscopic image plane, k will be 
relatively fixed (i.e., have essentially the same value) over a wide range of same-sex 

25 population, say ko- A value of k greater than ko indicates rotation anteriorly; con- 
versely, a value of k less than ko indicates rotation posteriorly. The amount of rotation is 
thus a function of (k-ko) and accordingly the image point measurements may be corrected 
for transaxial rotation, as well as for axial rotation, to provide an accurate indication of 
the position of the pelvis in the operating room coordinate system. Thus, from a single 
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AP image, both axial and transaxial rotation of the pelvis may quickly be determined and 
corrected for. 

Next, a femoral coordinate system is established. This may be done by various 
known techniques, but is preferably done rapidly and efficiently in further accordance 
5 with this invention. First, the trochanteric fossa point, TF, of the femur is digitized di- 
rectly through the surgical exposure. Next, the medial and lateral epicondyles of the fe- 
mur are digitized percutaneously. The midpoint of those two points is taken as the center 
of the knee, CK. The line TF-CK defines the femoral shaft axis, (FSA). 

The lower leg axis (LLA) is then digitized with the knee bent 90 degrees. A plane 
10 containing the center of the knee, CK, and perpendicular to the Lower Leg Axis (LLA) 
and another plane containing the center of the knee, CK, and perpendicular to the femoral 
shaft axis (FSA) intersect in a line defined by the intersection of these two planes; this 
line is taken as the condylar axis. The condylar plane is then taken as the plane that con- 
tains both the femoral shaft axis and the condylar axis. nv-\ ... ;-. 

15 When the hip joint is sufficiently intact as to have a reasonably well defined cen- : \ 

ter, this center is determined by any of several methods. One known method to deter- 
mine the hip joint center is to move the unreplaced hip through a range of motion and 
then calculate the center of rotation of that motion. Another known method is by biplane 
radiography and backprojection. However, this method requires the taking of multiple 

2D fluoroscopic projections, and is thus less desirable. 

In accordance with this invention, a preferred method of determining the hip joint 
center is to first determine the center of rotation on the single near AP image that has 
been taken for the purpose of determining a pelvic coordinate system. This defines a 
line upon which the center of hip rotation lies (the adduction/abduction axis).. The femur 

25 then, instead of being placed through a full range of motion to calculate the center of ro- 
tation, may then simply be flexed and extended. The location where the flex- 
ion/extension axis, determined kinematically, crosses the adduction/abduction axis, de- 
termined radiographically, is the center of rotation of the hip. The reason that this 
method is preferred is that when a hip joint becomes arthritic, it usually becomes aspheri- 

30 cal to a greater extent in adduction/abduction motion than in flexion/extension motion. 
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This means that the center of rotation, as determined in the adduction/abduction plane is 
better determined radiographically (since kinematics may be inaccurate) and that the 
center of rotation, as determined in the flexion/extension plane, is better determined 
kinematically for the reasons that kinematic flexion/extension determination is likely to 
5 be accurate and because images in this plane are difficult to obtain. 

When the hip is dislocated, e.g., during surgery, another, known method of de- 
termining the center of rotation of the hip is to directly digitize points on the acetabular 
and femoral head surfaces and calculate the center of each sphere. However, in further 
accordance with the present invention, this may readily be done by fitting to the femoral 

10 head an implement having a spherical recess conforming to the head; a variety of such 
implements are preferably provided, one for each head size. With a reference frame af- 
fixed to the spherical instrument, and knowing the geometry of the implement and of its 
spherical recess, the center of rotation of the femur can instantly be identified. Similarly 
an implement in the form of a round ball of known dimension that conforms to the ace- 

15 tabuium may be placed into the acetabulum. Again, knowing the geometry of the imple- «-.:■• ;*3.« 
ment and with a reference frame affixed to it, the center of rotation of the acetabulum . can 
instantly be determined. 

With the femoral head center determined, the femoral coordinate system can be 
completed. A plane that includes both the femoral shaft axis, FSA, and the center of the 
20 femoral head, is then the preoperative anteversion plane. Similarly, during surgery later, 
a plane that includes the femoral shaft axis, (FSA), and the center of the prosthetic, or 
trial prosthetic femoral head, is then the new anteversion Plane. 

The center of the hip relative to the pelvis and femur is noted so that any changes 
in the location of these centers that have been effected by the surgery may be calculated. 
25 Specifically, superior/inferior and medial/lateral changes in the acetabular center relative 
to the pelvis and the femoral head center relative to the femur allow exact changes in the 
leg length and the offset as a result of the reconstruction. This allows comparison of the 
actual changes with those established as pre-operative goals in order to determine 
whether those goals have been achieved. Further, the relative contributions of the ace- 
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tabular and femoral components can be calculated, thereby facilitating any necessary ad- 
justments. 

Even when the hip joint does not have a well defined center, the leg length and 
the offset can still be determined from the known relative positions of the pelvic and 
5 femoral coordinate systems, although the separate contributions of the acetabular and 
femoral components can not be calculated in this case. 

In further accordance with the present invention, the position of the acetabular 
and femoral prosthetic components is determined (i.e., measured) with navigational 
probes or elements in the course of the operation. Specifically, using a navigation sys- 

10 tern, the orientation and center position of the original and the replacement acetabulum 
are determined and stored. With the head and neck removed, a broach is inserted into the 
femur, using a broach insertion handle. Heretofore, a trial head and a trial neck were then 
fitted to the broach and a trial reduction (i.e., fitting of the trial femoral head to the re- 
placement acetabulum) was performed and the. important parameters (leg length, offset, 

'i5 range of motion, etc.) were determined. Adjustments were made as necessary, and dif- 
ferent broaches, broach positions, femoral heads and/or necks were tried with sequential 
trial reductions until the resultant measurements were acceptable. This could consume 
considerable time, and lengthened the course of the operation, thus increasing its risks. 
In particular, since the position of the patient on the operating table is not precisely 

20 known, the position of the inserted components is similarly not precisely known , and 
thus assessments of motion, leg length, and other critical parameters are also imprecise. 

In accordance with the present invention, the pertinent dimensions and shapes of 
the acetabular and femoral components that may be used in a hip replacement are stored 
in a computer system. A navigation frame is fitted to the broach insertion handle. As the 

25 broach is inserted, its position, and thus the position and orientation of any proposed 
femoral head and neck combination that might be selected for attachment to the broach, 
together with the resultant change in leg length and offset due to changes on the femoral 
side, can immediately be determined and provided in real time to the surgeon. Similar 
computations can be made of changes arising from the acetabular side, and thus the total 

30 changes in leg length and offset may be determined accurately without actually perform- 
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ing a reduction. Further, with the hip still disassembled before actual hip joint reduction, 
the range of motion of the hip with the proposed components may be computed in order 
to determine whether those components would produce undesirable side effects, such as 
prosthetic impingement within a desired range of motion. Thus, when the patient is ready 
5 for actual reduction of the hip (i.e., insertion of the replacement femoral head into the re- 
placement acetabulum), the determination will already have been made that the selected 
components and positionings will provide the desired parameters for proper hip opera- 
tion. 



10 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention description below refers to the accompanying drawings, of which: 
Fig. 1 shows a navigation coordinate frame attached to a broach handle for pro- 
viding component position data during a hip replacement operation; 

Figs. 2, 2A and 2B illustrate the determination of the axial and transaxial rotation 
is of the pelvis from a single fluoroscopic image for determination of a pelvic coordinate 
system for use in the present invention; and 

Fig. 3 illustrates the determination of a femoral coordinate system for use in the 
present invention. 

DETAILED DESCRIPTION OF AN ILLUSTRATIVE 
2 o EMBODIMENT 

Referring now to Fig. 1, a broach 10 of known geometry that is being inserted 
within a femur 12 is connected to a broach handle 14 having a navigation frame 16 asso- 
ciated with it. The frame 16 carries a plurality of elements 18 extending in different di- 
rections in space. These elements may, for example, be infrared reflective elements such 
25 as are commonly used in conventional surgical navigation systems. A controller 20 re- 
ceives signals from the elements 18 and from these determines the instantaneous position 
of the broach handle and thus of the broach. The controller may be of conventional type, 
e.g., an infrared emitter which receives reflections from the elements 18 and from these 
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determines the position (i.e., location and orientation) of the frame with respect to itself 
and thus with respect to other objects of known relation to it. 

The controller 20 in turn provides output to a monitor and controller 22 which 
provides the functions of an augmented surgical navigation system in accordance with 
s the present invention. In particular, monitor and controller stores data defining the ge- 
ometry and dimensions of components such as broaches, broach handles, and femoral 
replacement necks and heads that may be used in total hip arthroplasty. The data is ad- 
vantageously stored on magnetic disk, such as disk 24, but other forms of data storage 
may be used if desired. 

io The monitor and controller 22 advantageously includes a programmed data proc- 

essor (computer) 26 which uses the data stored on disk 24, as well as navigational data 
supplied from controller 20 during the course of an operation, to guide the surgeon in per- 
forming the operation, as will be described shortly in more detail. To this end, the 
monitor and controller 22 provides a display area 28 which displays to the surgeon cer- 

15 tain information concerning significant parameters.pertaining to the procedure being per- 
formed, such as leg length, offset, etc. 

In order to provide a basis for the measurements to be performed, it is necessary 
to establish appropriate coordinate systems specific to the patient. In the case of total hip 
arthroplasty as described herein, these systems comprise a pelvic and a femoral coordi- 

20 nate system. A variety of such systems are known and may be used in the virtual trial 
reduction system described herein. However, I have found a way of greatly simplifying 
the determination of these coordinate systems for total hip arthroplasty, and now describe 
a preferred method for such determination . 

Commonly, a multiplicity of X-ray, fluoroscopic or other forms of images are 

25 obtained and used in defining a pelvic coordinate system. The procedures typically re- 
quire images taken from a multiplicity of reference points (front, side, etc.), and are thus 
time-consuming, and unduly prolong the operation when done during surgery. I have 
found that sufficient information may be obtained from a near AP (anterior-posterior) 
fluoroscopic image taken in a single plane as to enable the accurate determination of a 

30 pelvic coordinate system. The image may a single image, or may be a composite of two 
or more laterally offset images formed in the same plane. 

10 
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Thus, Fig. 2 diagrammatically represents the image of a pelvis as obtained from a 
near AP fluoroscope projection. In the preferred embodiment of the invention, three pel- 
vic landmarks are used for the coordinate determination, namely, the right and left sacro- 
iliac joints 50 and 52, respectively, and the pubic symphysis 54. The surgeon marks 

5 these points with a navigated probe to capture them. If the hip is perfectly aligned with 
respect to the imaging plane, the pubic symphysis will be found to lie directly below the 
midpoint of the right and left sacroiliac joints (absence of axial rotation of the pelvis). 
Further, the distance between the image of the pubic symphysis 54 and the midpoint 56 
between the images of the right and left sacroiliac joints 50 and 52, respectively, will rep- 

10 resent the true vertical distance between these points, i.e., neither increased nor dimin- 
ished by transaxial rotation of the pelvis. Under these circumstances, a first pelvic refer- 
ence axis is established as the line joining the right and left sacroiliac joints 50 and 52, 
respectively, while a second pelvic reference axis is established as a line connecting the 
midpoint 56 of these joints and the pubic symphysis 54.. A third pelvic reference axis is 

15 then established as a line perpendicular to these two. 

If, however, the pelvis is tilted with respect to the imaging plane, cither in an axial 
direction (i.e., about a vertical axis through the body, from top to bottom) or transaxially 
(from side to side), it will be necessary to correct the measurements for this tilt. This is 
shown in detail in Figs. 2 A and 2B. 

20 Fig. 2A is a view from the top of the body looking down along the axial axis and 

showing formation of two different fluoroscopic image of the landmarks. In a first im- 
age, the pelvis is aligned with the right and left sacroiliac joints 50, 52 (indicated by 
closed circles), respectively, parallel to the image plane 62 of the fluoroscope. A source 
60 of x-rays projects images 50i, 52i, 54i (indicated by open circles) of the landmarks 50, 

25 52, 54 onto the image plane. Because of the parallel alignment of the sacroiliac joints and 
the image plane, the image of the pubic symphysis is midway between the images of the 
sacroiliac joints, i.e„ the distances hi and h 2 are equal. 

A separate, second, image is also shown in Fig. 2 for comparison. In this image, 
the pelvis is tilted axially by an angle 0 in the axial direction. The landmarks 50, 52, 54 

30 then assume the positions 50\ 52', 54' (indicated by x's), respectively. Their images are 
then shifted to the positions shown as 50i', 52i\ 54? (indicated by rectangles), respec- 
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tively. The image 54i' of the pubic symphysis is no longer midway between the images 
50i\ 52i', respectively, of the right and left sacroiliac joint, but is shifted laterally by a 
distance Ah as shown. The amount of this shift is a measure of the axial rotation. In par- 
ticular, the rotation is given by sin 0 = Ah/L, where L is the distance between the x-ray 

5 source 60 and the image plane 62. Thus, by measuring Ah on the fluoroscopic image, the 
axial rotation 9 may be determined and the first pelvic reference axis may then be cor- 
rectly aligned with the sacroiliac landmarks on the rotated pelvis but based on measure- 
ments made in the single fluoroscopic plane. 

Because pelvic sizes differ from one person to another, the displacement Ah will 

io be a function of the actual distance between the right and left sacroiliac joints. To correct 
for variations in this distance from patient to patient, the measured distance is scaled by 
dividing it by the inter-teardrop distance. The resultant ratio is a direct measure of the 
axial rotation of the pelvis with respect to the plane of the AP image. 

Fig. 2B shows the effect of rotation about the transaxial plane. In this figure, the 

is orientation of a pelvis with zero transaxial rotation is illustrated by sacroiliac joint 50 and 
pubic symphysis 54 (indicated by filled circles). The images of these landmarks on the 
imaging plane are shown as images 50i, 54i, respectively. A second, separate image 
taken with the hip rotated forwardly (anteriorly) about the transaxial axis by an angle <p is 
shown as having its sacroiliac and pubic symphysis landmarks at rotated positions 50', 54' 

20 (designated by x's), respectively. The projections of the latter are shown at 50'i and 54'i, 
respectively, in image plane 62. The change in the vertical height of the distance be- 
tween the sacroiliac joint and the pubic symphysis, v 2 - Vi, when divided by the inter- 
teardrop distance, is a direct measure of the rotation about the transaxial axis. 

With the axial and transaxial rotations of the pelvis thus determined, the position 

25 of the pelvis in the frame of the operating room, as well as all components attached to it, 
is accurately known. Similarly, with the femoral coordinate system determined as ear- 
lier described, the position of the femur and all components attached to it is accurately 
known. Thus, as an operation proceeds, the surgeon has instantaneous and accurate in- 
formation as to the instantaneous location of the affected body parts and prosthetic com- 

30 ponents and can therefore make a "virtual trial reduction" based on this information prior 
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to performing an actual reduction. This not saves time, but ensures accurate component 
fit and enhances the likelihood of achieving preoperative goals. 

In particular, the surgeon may "try" a variety of prostheses virtually, and ascertain 
whether those prostheses will provide the desired leg length, offset, range of mobility, 
and other surgical goals, all without actually performing a trial reduction. For example, 
the surgeon may select a particular combination of prosthetic acetabulum and femoral 
components and "try" these by instructing the controller 22 to assemble these to the pa- 
tient using the pelvic and femoral coordinate systems and hip center of rotation deter- 
mined as described above, as well as data input by the surgeon or otherwise and defining 
the desired leg length, offset, and other parameters. The controller 22 retrieves the req- 
uisite dimensions of these components from its database, "assembles" these components 
virtually as they would ultimately be assembled physically, and tests the range of motion 
of the selected components in order to determine the characteristics of the resultant com- 
bination. The results (e.g., computed leg length, offset, range of motion, etc.) preferably 
are provided on visual display 30, but may also be provided in other form, e.g., as a hard- 
copy printout, etc Dependent on the results, the surgeon may proceed to implant the se- 
lected components, or may select one or more alternative components for virtual testing 
until the best available fit is found. The system thus guides the surgeon to the best avail- 
able fit without unnecessary physical assembly/disassembly of components before the 
final assembly. 

What is claimed is 
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CLAIMS: 

A melhod of selecting componenls for total hip arthroplasty during performance of 
an operation, comprising: 

A. establishing a pelvic and a femoral reference coordinate system from a single 
fluoroscopic image; 

B. determining the position of a femoral broach by means of a surgical navigation 
system; 

C. during the operation, using data obtained from said navigation system, 
selecting femoral head and neck components to satisfy defined parametric 
constraints with respect to at least one of leg length, offset, and range of 
motion. 

2. A method of defining a femoral coordinate system, comprising the steps of: 
A. defining a femoral shaft axis; B. with the knee bent at approximately 90 

degrees relative to the femur, defining a lower leg axis; 

C. computing the intersection of a first plane perpendicular to the femoral shaft 
axis and the lower leg axis; and 

D. establishing a coordinate system based on said femoral shaft axis, said lower 
leg axis, and said intersection. 

3. A method according to claim 2 in which said femoral shaft axis, said lower leg 
axis, and said intersection themselves form the axes of said coordinate system. 

4. A method of determining the axial rotation of a pelvis from a single fluoro- 
scopic image, comprising 

A. forming a fluoroscopic image of said pelvis in the near AP direction; 
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4 B. defining first and second landmarks of said pelvis on said image, said land- 

5 marks separated from each other in at least an anterior-posterior direction; 

6 C. determining the transaxial displacement of said landmarks on said image; 

7 D. using said displacement as a measure of the axial rotation of said pelvis with 
a respect to the plane of said fluoroscopic image. 

1 5. A method according to claim 4 in which said first landmark comprises the im- 

2 age point of the puhic symphysis. 

1 6. A method according to claim 5 in which said second landmark comprises the 

2 midpoint of a line between the image points of the left and right sacroiliac joints. 

1 7. A method according to claim 4 in which said displacement is normalized with 

2 respect to the separation between a further pair of landmarks. 

1 8. A method according to claim 7 in wliich said further pair of landmarks com- 

2 prises the left and right teardrops. 

1 9. A method of determining the transaxial rotation of a pelvis from a single 

2 fluoroscopic image, comprising 

3 A. forming a fluoroscopic image of said pelvis in the near AP direction; 

4 B. defining first and second landmarks of said pelvis on said image, said land- 

5 marks separated from each other in at least an anterior-posterior direction; 

6 C. determining the axial displacement of said landmarks on said image; 

7 D. using said displacement as a measure of the transaxial rotation of said pelvis 

8 with respect to the plane of said fluoroscopic image. 

1 10. A method according to claim 9 in which said first landmark comprises the 

2 image point of the pubic symphysis. 
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1 1 1. A method according to claim 10 in which said second landmark comprises 

2 the midpoint of a line between the image points of the left and right sacroiliac joints. 

1 12. A method according to claim 1 1 in which said displacement is normalized 

2 with respect to the separation between a further pair of landmarks. 

1 13. A method according to claim 12 in which said further pair of landmarks com* 

2 prises the left and right teardrops. 

1 14. A method according to claim 12 in which the transaxial rotation is taken as a 

2 function of the relation of said displacement to the corresponding displacements on the 

3 fluoroscopic images of a sample of pelvises taken at known orientation to the fluoro- 

4 scopic image plane. 
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ABSTRACT OF TILE DISCLOSURE 

A virtual trial reduction of the hip as in total hip arthroplasty is enabled by estab- 
lishing accurate pelvic and femoral reference coordinate systems from a single anterior 
posterior fluoroscopic image. 
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